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GELS. METHODS AND APPARATUS FOR IDENTIFiCATiON AND 
CHARACTERI7AT1QN OF B IOMOLECULES 
1. INTRODUCTIOIM 
This invention relates to computer-assisted methods and apparatus for 
5 efficiently and systematically studying molecules that are present in biological 
samples and determining their role in health and disease. In particular, this 
invention relates to the emerging field of proteomlcs, which involves the 
systematic identification and characterization of proteins that are present in 
biological samples, including proteins that are glycosylated or that exhibit other 
1 0 post-translational modifications. The proteomics approach offers great advantages 
for identifying proteins that are useful for diagnosis, prognosis, or monitoring 
response to therapy and in identifying protein targets for the prevention and 

treatment of disease. 

2. BACKGROUND OF THE INVENTION 

15 Recent advances in molecular genetics have revealed the benefits of high- 

throughput sequencing techniques and systematic strategies for studying nucleic 
acids expressed in a given cell or tissue. These advances have highlighted the 
need for operator-independent computer-mediated methods for identifying and 
selecting subsets or individual molecules from complex mixtures of proteins, 

20 oligosaccharides and other biomolecules and isolating such selected biomolecules 
for further analysis. 

Strategies for target-driven drug discovery and rational drug design require 
identifying key cellular components, such as proteins, that are causally related to 
disease processes and the use of such components as targets for therapeutic 

25 intervention. However, present methods of analyzing biomolecules such as 
proteins are time consuming and expensive, and suffer from inefficiencies in 
detection, imaging, purification and analysis. 

Though the genomics approach has advanced our understanding of the 
genetic basis of biological processes, it has significant limitations. First, the 

30 functions of products encoded by identified genes - and especially by partial cDNA 
sequences - are frequently unknown. Second, information about post-translational 
modifications of a protein can rarely be deduced from a knowledge of its gene 
sequence, and it is now apparent that a large proportion of proteins undergo post- 
translational modifications (such as glycosylation and phosphorylation) that can 
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profoundly influence their biochemical properties. Third, protein expression is often 
subject to post-transiational control, so that the cellular level of an mRNA does not 
necessarily correlate with the expression level of its gene product. Fourth, 
automated strategies for random sequencing of nucleic acids involve the analysis 
of large numbers of nucleic acid molecules prior to determining which, if any. show 
indicia of clinical or scientific significance. 

For these reasons, there is a need to supplement genomic data by studying 
the patterns of protein and carbohydrate expression, and of post-translational 
modification generally, in a biological or disease process through direct analysis of 
proteins, oligosaccharides and other biomolecules. However, technical constraints 
have heretofore impeded the rapid, cost-effective, reproducible, systematic 
analysis of proteins and other biomolecules present in biological samples. 
3. SUMMARY OF THE INVENTION 
The present Invention is directed to efficient, computer-assisted methods 
and apparatus for identifying, selecting and characterizing biomolecules In a 
biological sample. According to the invention, a biological sample is first treated 
to isolate biomolecules of interest, and a two-dimensional array is then generated 
by separating the biomolecules present in a complex mixture. The invention 
provides a computer-generated digital profile representing the Identity and relative 
abundance of a plurality of biomolecules detected in the two-dimensional array, 
thereby permitting computer-mediated comparison of profiles from multiple 
biological samples. This automatable technology for screening biological samples 
and comparing their profiles permits rapid and efficient Identification of individual 
biomolecules whose presence, absence or altered expression is associated with a 
disease or condition of interest. Such biomolecules are useful as therapeutic 
agents, as targets for therapeutic intervention, and as markers for diagnosis, 
prognosis, and evaluating response to treatment. This technology also permits 
rapid and efficient identification of sets of biomolecules whose pattern of 
expression is associated with a disease or condition of interest: such sets of 
biomolecules provide constellations of markers for diagnosis, prognosis, and 
evaluating response to treatment. 

The high throughput, automatable methods and apparatus of the present 
invention further permit operator-Independent selection of individual separated 
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biomolecules {or subsets of separated biomolecules) according to pre-ordained 
criteria, without any requirement for Icnowledge of sequence information or other 
structural characteristics of the biomolecules. This in turn provides automated, 
operator-independent isolation and parallel characterization of a plurality of 

5 selected biomolecules detected in a biological sample. Thus, the present invention 
advantageously permits automated selection of biomolecules prior to sequencing 
or structural characterization. 

4. DETAILED DESCRIPTION OF THE INVENTION 
The present invention provides methods for rapidly and efficiently 

10 identifying and characterizing bio-molecules, for example proteins, in a biological 
sample. In a first step, a biological sample is treated to isolate the biomolecules 
of interest prior to separating the biomolecules for characterisation. Purification 
is performed with a view either to selectively enrich certain desirable biomolecules, 
e.g. proteins, from within the sample or to selectively deplete the sample of certain 

15 undesirable biomolecules. For example, if glycosylated proteins only are of 
interest, such glycoproteins may be selectively isolated from a sample using lectin- 
affinity chromatography or lectin affinity precipitation. Such enrichment can both 
enhance and simplify the subsequent protein separation and analysis. Any proteins 
or group of proteins carrying a structural determinant for which an antibody or 

20 other specific purification reagent is available may be so extracted, e.g. tyrosine 
phospho-protelns by using an anti-phosphotyroslne antibody. Conversely, a sample 
may be depleted of specific proteins, again using protein-specific affinity methods. 
For example, albumin may be removed from body fluids using an anti-albumin 
antibody, and immunoglobulins may be removed using protein A or protein G 

25 (preferably Immobilised) and haptoglobin and transferrin can be similarly removed. 
It is clear that a sample may be selectively depleted (or enriched) for more than 
one protein by using protein-specific reagents serially or In combination. Such 
enrichment/depletion can often have a beneficial effect during analysis, by 
concentrating proteins of interest/removing proteins that interfere with or may, for 

30 example by their predominance, limit the analysis of proteins of Interest. 

In either case of enrichment or depletion, the end result Is to provide a 
sample containing the biomolecules of interest in a more isolated or "pure" form 
with respect to the original biological sample. A preferred method for achieving 
this is affinity chromatography e.g. Fast Protein Liquid Chromatography (FPLC). 
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After purification, the sample containing the biomolecules is subjected to 
two successive separation steps. In the first separation step, the biomolecules are 
separated according to one physical or chemical property so as to generate a one- 
dimensional array containing the biomolecules; for example, proteins are separated 
by isoelectric focusing along a first axis. In the second separation step, the 
biomolecules in this one-dimensional array are separated according to a second 
physical or chemical characteristic so as to generate a two-dimensional array of 
separated biomolecules; for example, proteins separated by isoelectric focusing are 
subjected to SDS-PAGE along a second axis perpendicular to the first axis. The 
separated biomolecules are stably maintained in the two-dimensional array for 
subsequent imaging. The stable two-dimensional array can be stored or archived 
for an extended period {e.g. months or years) and selected biomolecules can be 
retrieved from the array at any desired time, based on automated computer 
analysis of the data derived from imaging. 

The two-dimensional array is imaged with a detector to generate a 
computer-readable output that contains a set of x.y coordinates and a signal value 
for each detected biomolecule. If desired, the computer-readable output can be 
displayed to a human operator - before or after computer-mediated analysis - as 
a computer-generated image on a screen or on any suitable medium. Computer- 
mediated analysis of the computer-readable output Is performed, resulting in a 
computer-readable profile that represents, for a plurality of detected biomolecules, 
the relative abundance of each such biomolecule and its attributes as deduced 
from its x.y coordinates in the two-dimensional array. For example, a profile 
derived from imaging a gel containing proteins separated by isoelectric focusing 
followed by SDS-PAGE represents the isoelectric point (pi), apparent molecular 
weight (MW) and relative abundance of a plurality of detected proteins. 

The computer-readable profiles of the present invention are suitable for 
computer-mediated analysis to identify one or more biomolecules that satisfy 
specified criteria. In one embodiment, a first set of profiles is compared with a 
second set of profiles to identify biomolecules that are represented in all the 
profiles of the first set (or in a first percentage of the profiles of the first set) and 
are absent from the profiles of the second set <or are absent from a second 
percentage of the profiles of the second set, where the first and second 
percentages can be independently specified). In other embodiments, sets of 
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profiles are compared to identify biomolecules that are present at a designated 
higher level of expression in a specified percentage of profiles of one sample set 
than in a specified percentage of profiles of another sample set, or to identify 
biomolecules whose post-translational processing differs from one sample set to 
5 another. 

One or more biomolecules so identified are selected for isolation. In one 
embodiment, this selection is made automatically by a computer, in accordance 
with pre-ordained programmed criteria, without further human intervention. In 
another embodiment, a human operator reviews the results of the computer- 

10 mediated analysis and then enters a selection into a computer. For isolation of 
each selected biomolecule, a computer generates machine-readable instructions 
that direct a robotic device (a) to remove one or more portions of the two- 
dimensional array that contain the selected biomolecule and (b) to deliver the 
removed portions to one or more suitable vessels for further characterization. For 

IS example, a selected protein can be analyzed to determine its full or partial amino 
acid sequence, to detect and characterize any associated oligosaccharide moieties, 
and to study other aspects of post-translational processing, e.g. phosphorylation, 
myristylatlon and the like. The invention advantageously permits automated 
parallel processing of biomolecules removed from the two-dimensional array, 

20 thereby facilitating rapid and efficient characterization of a plurality of selected 
biomolecules. Figure 1 of WO-A-9823950 presents a flowchart illustrating 
processing of a sample. 

The present invention is useful for identifying and analyzing proteins, but 
is more generally applicable to the identification and analysis of any biomolecule. 

25 As used herein, the term ''biomolecule'* refers to any organic molecule that is 
present in a biological sample, and includes peptides, polypeptides, proteins, 
oligosaccharides, lipids, steroids, prostaglandins, prostacycKnes, and nucleic acids 
(including DNA and RNA). As used herein, the term "protein" includes 
glycosylated and unglycosylated proteins. These and other terms and procedures 

30 are as defined in W0-A-g823950; see the sections headed "Biological samples". 
Analysis of proteins" (twice), "Analysis of oligosaccharides", "Computer analysis 
of the detector output", "Computer generation and analysis of profiles", "Removal 
of selected portions of a supported gel", and "Processing removed portions of the 
gel". 
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In connection with the first "Analysis of proteins" section, a purification 
step is now introduced. A wide variety of purification techniques may be used in 
this first step. For example, purification may occur by the use of Fast Protein 
Liquid Chromatography (FPLC), ion exchange chromatography or affinity 
5 chromatography. Preferably FPLC is used, comprising one or more affinity columns 
containing affinity chromatography media which binds selectively the biomolecuies 
of interest. 

5. EXAMPLE: PROTEINS FROM SERUM AND SYNOVIAL 
FLUID OF PATIENTS WITH RHEUMATOID ARTHRITIS 
10 Proteins in serum and synovial fluid from patients with rheumatoid arthritis 

(RA) were purified by FPLC. separated by isoelectric focusing followed by SDS- 

PAGE and compared. 

5.1. FPLC Purification 

Selected proteins which are desired to be specifically removed from the 
15 sample prior to proteome analysis e.g. albumin, haptoglobin and transferrin 
present in serum were removed by a FPLC purification step. This was achieved 
by passing the biological sample through a series of Hi-trap affinity 
chromatography columns each comprising immobilised antibodies specific for a 
particular protein. The specific proteins bind to the column and the eluate is 
20 collected and concentrated by centrifugal ultrafiltration. 

5.2. [g^ftlectric Focusing 

For. isoelectric focusing (lEF), each sample (after FPLC treatment) was 
applied to an Immobiline® DryStrip Kit (Pharmacia BioTech), following the 
procedure described in the manufacturer's instructions, see Instructions for 

25 Immobiline* DryStrip Kit. Pharmacia, # 18-1038-63, Edition AB (incorporated 
herein by reference in its entirety), with optional modifications as described by 
Sanchez et al. 1997, Electrophoresis 18: 324-327 (incorporated herein by 
reference in its entirety). 

In certain cases, in order to increase the resolution in a particular pH range 

30 or to load a larger quantity of a target protein onto the gel, a narrow-range "zoom 
ger having a pH range of 2 pH units or less was used, according to the method 
described in Westermeier. 1993, Electrophoresis in Practice (VCH, Weinheim, 
Germany), pp. 1 97-209 (which is incorporated herein by reference in its entirety). 
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5.3. r^ftl Eauilibr atinn and SDS-PAGE 

lEF gels were prepared for SDS-PAGE by equilibration ir^ a SOS buffer 
system according to a two step procedure comprising initial reduction of the 
disulfide bonds, followed by alkylation of the free thiol groups, as described by 
Sanchez et al., id. Thereafter, SDS-PAGE was carried out according to 
Hochstrasser et al.. 1988. Analytical Biochemistry 173: 412-423 (incorporated 
herein by reference in its entirety), with modifications as specified below. 

5.4. Prop^^^tion fff ff1lf?P»rted oels 

Covalent attachment of SDS-PAGE gels to a glass support was achieved 
by applying a 0.4% solution of y-methacryl-oxypropyltrimethoxysilane in ethanol 
to the glass plate ("the bottom plate") to which the gel was to be attached. 
Excess reagent was removed by washing with water, and the bottom plate was 
allowed to dry. At this stage, both as identification for the gel, and as a marker 
to identify the coated face of the plate, an adhesive bar-code was attached to the 
bottom plate in a position such that it would not come into contact with the gel 
matrix. 

An opposing glass plate ("the top plate") was treated with RepelSilane 
(Pharmacia Biotech) to minimize gel attachment. After applying the reagent, the 
top plate was heated by applying a flow of heated air (e.g. from a hot air gun) to 
the surface of the plate. Excess reagent was again removed by water washing, 
and the top plate was allowed to dry. 

The dried plates were assembled into a casting box with a capacity of 13 
gel sandwiches. Several casting boxes can be assembled in parallel to cast more 
gels under the same conditions. The top and bottom plates of each sandwich 
were spaced by means of 1mm thick spacers. The sandwiches were interleaved 
with acetate sheets to facilitate separation of the sandwiches after gel 
polymerization. Casting was then carried out according to Hochstrasser et al., op. 
cit. 

5.5. SQS±^ 

The gel strips from the lEF step were applied to the top of the poured SDS- 
PAGE gel and electrophoresis begun. In order to ensure even cooling of the gel 
during the electrophoresis run. a system was designed essentially as described by 
Amess et al,. 1995. Electrophoresis 16: 1255-1267 (incorporated herein by 
reference in its entirety). Even, efficient cooling is desirable in order to minimize 
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thermal fluctuations during electrophoresis and hence to maintain the consistency 
of migration of the proteins. Electrophoresis was carried out until the tracking dye 
reached the bottom edge of the gel. The gels were then removed immediately for 
staining. 

5 5.6. Staining 

The top plate of the gel cassette was carefully removed, leaving the gel 
bonded to the bottom plate. The bottom plate with Its attached gel was then 
placed into a staining apparatus, which has the capacity to accommodate 1 2 gels. 
The gels were completely immersed overnight in fixative solution, comprising 40% 

10 (v/v) ethanol. 10% (Wv) acetic acid. 50% (vM water. The fixative was then 
drained from the tank, and the gels were primed by immersion in 7.5% (v/v) acetic 
acid. 0.05% (w/v) SDS for 30 mins. The priming solution was then drained, and 
the gels were stained by complete immersion in the dye solution for 4 hours. A 
stock solution of fluorescent dye was prepared by diluting Sypro Red (Molecular 

15 Bioprobes. Inc.. Eugene. Oregon), according to the manufacturer's instructions. 
The diluted solution was filtered under vacuum though a 0.4 nm filter. 

in order to achieve a continuous, even circulation of the various solutions 
over all 12 gels, solutions were introduced into the tank via a distribution bar. 
extending along the bottom of the tank across its entire width and provided with 

20 holes that allow the solution to flow evenly over each of the gels. 
5.7. imfifiinff 

A computer-readable output was produced by imaging the fluorescently 
stained gels with a Storm scanner (Molecular Dynamics. Sunnyvale. California) 
according to the manufacturer's instructions, (see Storm User's Guide. 1995. 

25 version 4.0. Part No. 149-356. incorporated herein by reference in Its entirety) 
with modifications as described below. Since the gel was rigidly bonded to a glass 
plate, the gel was held in contact with the scanner bed during imaging. To avoid 
interference patterns arising from non-uniform contact between the gel and the 
scanner bed. a film of water was introduced under the gel. taking care to avoid air 

30 pockets. Moreover, the gel was placed in a frame provided with two fluorescent 
buttons that were imaged together with the gel to provide reference points 
(designated Ml and M2) for determining the x.y coordinates of other features 
detected in the gel. A matched frame was provided on a robotic gel exclsor in 
order to preserve accurate alignment of the gel. After imaging, the gels were 
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sealed in polyethylene bags containing a small volume of staining solution, and 

then stored at 4*C. 

The output from the scanner was first processed using MELANIE* to 
autodetect the registration points. Ml and M2; to autocrop the images U'.e., to 
eliminate signals originating from areas of the scanned image lying outside the 
boundaries of the gel. e.g. the reference frame); to filter out artifacts due to dust: 
to detect and quantify features; and to create image files in GIF format. Features 
were detected by a computer-mediated comparison of potential protein spots with 
the background to select areas of the gel associated with a signal that exceeded 
a given threshold representing background staining. 

A second program was used for Interactive editing of the features detected 
and to match duplicate gels for each sample. First, images were evaluated to 
reject images which had gross abnormalities, or were of too low a loading or 
overall image intensity, or were of too poor a resolution, or where duplicates were 
too dissimilar. If one image of a duplicate was rejected then the other image 
belonging to the duplicate was also rejected regardless of image quality. Samples 
that were rejected were scheduled for repeat analysis. 

Landmark identification was used to correct for any variability in the running 
of the gel. This process Involves the Identification of certain proteins which are 
expected to be found in any given biological sample. As these common proteins 
exhibit Identical isoelectric points and molecular weight from sample to sample, 
they can be used as standards to correct for any possible gel variation or 
distortion. The pi and molecular weight values for the landmarks in the reference 
gel were determined by co-running a sample with £ coli proteins wNch had 
previously been calibrated with respect to known protein in human plasma. 
Features which were considered to be artifacts, mainly at the edges of the gel 
image and particularly those due to the sample application point and the dye-front, 
were removed. Duplicate gels were then aligned via the landmarks and a matching 
process performed so as to pair identical spots on the duplicate gels. This 
provided increased assurance that subsequently measured isoelectric points and 
molecular weights were accurate, as paired spots demonstrated the reproducibility 
of the separation. The corrected gel, In addition to being used for subsequent 
analysis, was printed out for visual inspection. 
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Generation of the image was followed by computer measurement of the x.y 
coordinates of each protein, which were correlated with particular isoelectric 
points and molecular weights by reference to the known landmark proteins or 
standards. A measurement of the intensity of each protein spot was taken and 
stored. Each protein spot was assigned an identification code and matched to a 
spot on a master gel. i.e.. a reference gel which contained most or all of the 
protein spots seen in each type of sample and was used as a template to which 
the protein spots of the other samples were matched. This step allowed for the 
identification of putative correlate spots across many different gels. The data 
collected during collection of the original biological sample, as described in section 
5.1 . were reunited with the gel data, thereby pennitting the analysis of computer 
selected cross-sections of the samples based on information such as age or clinical 
outcome. 

The end result of this aspect of the analysis was the generation of a digital 
profile which contained, for each identified spot: 1) a unique arbitrary 
identification code. 2) the x.y coordinates. 3) the isoelectric point. 4) the molecular 
weight 5) the signal value. 6) the standard deviation for each of the preceding 
measurements, and 7) a pointer to the MCI of the spot on the master gel to which 
this spot was matched. By virtue of the LIMS. this profile was traceable to the 
actual stored gel from which it was generated, so that proteins Identified by 
computer analysis of gel profile databases could be retrieved. The LIMS also 
permitted the profile to be traced back to the original sample or patient. 
5.8. pjqit^l Analyyiff the Gel 
Once the profile was generated, analysis was directed toward the selection 

of interesting proteins. 

The protein features in the individual images from the paired serum and 
synovial fluid samples were compared electronically. Molecular identity of any one 
feature across the set of images is defined in this analysis as identity of position 
in the 2-D separation. Quantitative measurement of the abundance of an individual 
feature in an individual image was based on normalized fluorescence intensity 
measured for that feature in that image. Those proteins whose abundance differed 
between the sets of serum and synovial fluid samples were revealed by electronic 
comparison of all detected features in all relevant images. 
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5,9. RBr QVBrv anH analysis O* c^lortari nroteins 

Differentially expressed proteins were roboticaily excised and processed to 
generate tryptic peptides: partial amino acid sequences of these peptides were 
determined by mass spectroscopy, using de novo sequencing. 
5.10 Results 

These initial experiments identified 1 2 proteins that were present at higher 
levels in human RA synovial fluid than in matched serum samples, and 9 proteins 
that were present at lower levels in human RA synovial fluid than in matched 
serum samples. Partial amino acid sequences were determined for each of these 
differentially expressed proteins. Computer analysis of public databases revealed 
that 16 of these partially sequenced proteins were known in the art and that 5 
were not described in any public database examined. 

References herein to US Patent Application No. 08/877.605 apply also to 
the international Patent Application No. PCT/GB98/01486. In addition, reference 
may be made to WO-A-9801 749. for a discussion of techniques for the enhanced 
separation of species, e.g. in a gel. 
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r LAI MS 

1 A computer-assisted method for selecting and directing the isolation of one 
or more biomolecules present in a two-dimensional array, comprising: 

a purification step, wherein a plurality of biomolecules of interest are 
substantially isolated from a first biological sample; 

a first separation step, wherein said biomolecules are separated eccording 
to a first physical or chemical property to form a one-dimensional array of 
biomolecules; 

a second separation step, wherein said one-dimensional array of 
biomolecules is separated according to a second physical or chemical property to 
form said two-dimensional array; 

imaging said two-dimensional array or a replica thereof to generate a 
computer-readable output comprising, for each of a plurality of biomolecules 
detected in said two-dimensional array, a pair of x.y coordinates and a signal 
value: 

processing said output in at least one computer to select one or more of 
said detected biomolecules in accordance with previously ordained or operator- 
specified criteria; and optionally 

generating machine-readable instructions that direct a robotic device to 
isolate at least one of said selected biomolecules from said two-dimensional array. 

2. The method according to claim 1 . further comprising: 

isolating at least one of said selected biomolecules from said two- 
dimensional array by means of said robotic device in accordance with said 
machine-readable instructions. 

3. The method according to claim 1 or claim 2. In which said biomolecules are 
oligosaccharides. 

4. The method according to claim 1 or claim 2. In which said biomolecules are 
proteins. 

5. The method according to claim 4. in which said proteins are glycoproteins. 

6. The method according to any preceding claim, in which said two- 
dimensional an-ay is contained in a polyacrylamide gel. 

7. The method according to claim 6. in which said biomolecules have been 
separated by isoelectric focusing, followed by electrophoresis in the presence f 
sodium dodecyl sulfate. 
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8. The method according to claim 6 or claim 7. in which said polyacrylamlde 
gel is bonded to a generally planar solid support such that the gel has two- 
dimensional spatial stability, and the support is substantially non-interfering with 
respect to detection of a detectable label carried by the proteins. 
5 9. The method according to claim 8. in which said polyacrylamide gel is 
covalently bonded to said solid support. 

10. The method according to claim 8 or claim 9, in which said detectable label 
is a fluorescent label. 

11. The method according to any of claims 8 to 1 0, in which said solid support 
10 is glass. 

1 2. The method according to any preceding claim, wherein the purification step 
is carried out using FPLC. 
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